Currently, the world is characterized by quite a large number of military conflicts, manmade disasters and natural disasters. Every year, about 50 thousand people die from various natural disasters in the world. The report of the UNISDR notes that natural disasters that occurred in the world between 1998 and 2017 led to the death of 1.3 million people (more than half of them -due to earthquakes). The analysis shows that human losses could be significantly less with rapid first aid. This requires the presence of a field hospital located as close as possible to the lesion. Currently, field hospitals for various purposes are produced. The heating system of the field hospital modules plays an important role in the operation. A heating system is proposed, which includes a vortex heat generator and heating devices made of polyvinyl chloride. The system is characterized by low weight and quick access to the operating mode. However, in the literature there is no method for calculating the heat exchange coefficient in a closed space, which is formed by flexible heater surface and an enclosing wall. Based on the analysis of criterion dependences and experimental data, new criterion equations for calculating the heat exchange coefficient for an arbitrary location of heaters in space are obtained. The following dependence is built lgNu = f(lg(Gr⋅Pr)), which allows to determine value of heat exchange coefficient for given range of temperature. A method of intensification of the heat exchange process by creating an artificial roughness is proposed. Graph is done to determine growth rate of heat exchange С K , which is included in criterion equation. The use of artificial roughness allowed increasing the heat transfer coefficient by 28 % and the thermal power of the heating device by about 26 %.
Introduction
Currently, the world is characterized by quite a large number of military conflicts, man-made disasters, natural disasters. In the XXI century, hundreds of thousands of people died as a result of these disasters, and millions of people were affected. Every year, about 50 thousand people die from various natural disasters in the world. Billions of dollars are spent on disaster relief. In Russia, losses annually reach 60 billion rubles, so only competent actions in emergency situations can save lives and reduce losses [1] .
The report of the UN Office for disaster reduction (UNISDR) notes that natural disasters that occurred in the world between 1998 and 2017, led to the death of 1.3 million people (more than half of them -because of earthquakes). According to the Office data, during the same period, the financial losses of world markets due to natural disasters increased by 251 % and amounted to more than 2.9 trillion dollars. Moreover, 77 % of financial losses are attributable to weather-related events [2] . The analysis shows that human losses could be significantly less with rapid first aid. This requires a field hospital located as close to the lesion as possible. Historically, the first field hospitals were designed to provide medical care in combat.
The technology development makes it possible today to produce such mobile hospital, which will have sufficient mobility for delivering to the victims, as well as to function in the immediate vicinity of the epicenter of a natural (man-made) disaster or a war zone [3, 4] . Such hospital, in addition to mobility and good security, should have full autonomy, that is, have an independent source of energy. The heat supply of the new type of field hospital should take into account the likelihood of working in cold conditions (at air temperatures below 15 °C), as well as the possibility of urgent medical care to non-transportable victims in the open air without the construction of temporary structures. Therefore, the creation of an efficient, reliable and simple heating system is an important task.
The heating system can be used for heating not only mobile medical field hospitals, but also for heating any mobile facility. Heat supply of existing field (mobile) hospitals is most often made by means of hot air. Water as a coolant for these purposes is rarely used [5] . Installations for air heating have a sufficiently large mass and take up a lot of space during transportation. Oil-filled radiators are often used for heating and are the most popular household heaters. All oil radiators are equipped with a thermostat that automatically maintains the set temperature. They are used for heating small rooms up to 30 m 2 [6] . Despite a number of advantages, oil radiators consume a lot of electricity and are very slow to enter the mode. Infrared heaters are more effective, but they are more expensive and cannot be used in high humidity [7] . For field hospitals, heating elements should be low cost, easy to transport and install. Based on these requirements, they should be light, flexible enough and provide the necessary thermal performance.
Main part
Currently, when we talk about flexible heating elements, we mean electric heaters [8] . Despite a number of their advantages, electric heaters are difficult and unsafe to use in field hospitals. Of interest are the proposed flexible heating elements made of polyvinyl chloride, which meet Toxicological standards and can be used in medical institutions [9] . The general view of the heating device is shown in Fig. 1a . Due to the novelty of such heating elements, it is necessary to assess the heat exchange coefficient from their surface and to study the possibilities of heat exchange intensification. The coefficient of heat exchange is the most important characteristic of the heat supply system of a mobile hospital, reflecting its efficiency, since the value of this coefficient directly affects the rate of heating of the heated room (tent or pneumatic module). If the surface is heated the air heats up and moves upwards, being replaced from below by cooler air. In the flow a boundary layer is formed near the surface, the thickness of which increases in the direction of the liquid movement. In the initial zone of motion, the boundary layer is laminar and when the thickness of the boundary layer reaches a certain value, the flow regime changes which entail a change in the value of heat exchange coefficient.
When calculating the heat exchange coefficient, it was assumed that the heating of the liquid (hot carrier) to (95-100) o C is implemented by a vortex heat generator, which has a number of advantages over other sources of hot carrier heating [10, 11] .
It is known that the relative amounts of heat and motion transferred to the same element of the surface of a solid body are equal to each other. The amount of heat transferred to a unit of surface per unit of time (specific heat flux), according to Newton's law will be recorded:
where α k -heat transfer coefficient by convection from liquid to surface, W/(m 2 ·К); ∆t -temperature difference, °C.
In turn, the resistance force referred to this surface unit, i. e. the tangential stress τ at the wall, measures the amount of motion referred to the surface unit. 
where w -absolute velocity of the fluid, m/s. One can write down the condition of equality of relative quantities of heat and motion (according to Reynolds)
After the transformations (they are omitted), we get the equation taking into account the laminar sublayer ( )
where w 1 -fluid velocity at the interface of turbulent flow and laminar sublayer. The equation (4) we have written establishes the relationship between the intensity of convective heat transfer α k and the coefficient of hydrodynamic friction resistance ζ.
When calculating flexible heat exchangers, it is necessary to take into account that they can be located not only horizontally or vertically, but also at an arbitrary angle ϕ between the plane of the device and the normal to the horizontal line. The proposed heating device for the heating system of a mobile hospital has two heating surfaces: outer one -facing the space of the room and inner one -facing the enclosing structures. The inner surface forms channels with the enclosing planes and the heat exchange in which is significantly different from the heat exchange on the outer surface of the device (Fig. 1b) . In the first approximation, the cross section of the heating device consists of five parallel pipes, so it is necessary to consider the heat transfer features on these surfaces separately.
The study of heat transfer under the condition of natural convection in a closed space and its contribution to the total thermal performance of the device is of the greatest practical and scientific interest.
In the study of heat transfer in a horizontal gage, we take the size of the slit l as the determining size, and the temperature of the air in the slit t g as the determining temperature (Fig. 1b) . It is necessary to analyze the heat exchange in a confined space to obtain a final formula that takes into account any position of the heating device, as well as determining the most likely position of the heating device. The analysis showed that for this problem (arbitrary location of the heater surface) there are no methods for estimating heat transfer in a confined space.
To increase the heat transfer from the heating device surface and reduce costs on the energy source, it is necessary to consider the method of intensification of surface heat exchange. Taking into account that the proposed heating device for the field hospital heating system is made of polyvinyl chloride, the method of applying artificial roughness to its surface is of the greatest interest. Studies in the air flow performed in [13] show that the optimal roughness provides the increase in heat transfer up to 60-80 %, and the friction resistance increases only by 10 %. For convenience of processing with application of methods of mathematical statistics it is more convenient to have linear dependence like y = a + bx. To proceed to the dependence of the linear form, we take logarithm of both parts of this criterion equation. After processing the experimental data on the heat exchange, it is possible to plot the dependence lgNu = f (lg(Gr n ⋅Pr m )).
To determine the coefficient of heat exchange from the free surface of a horizontally located heating device under natural convection, we use the criterion equation for Gr·Pr > 8 · 10 6 . Since the heated free surface of the heating device is facing up, we have The results of experimental data processing are shown in Fig. 2 and establish a relationship between the similarity criteria Nu, Gr, Pr. The points resulting from the processing of the experience data are practically laid on one straight line (Fig. 2) . We write a mathematical equation for the line corresponding The coefficients for unknowns were determined by the least squares method. In the final form the calculated criterion equation will be written as
Expression (6) makes it possible to calculate the intensity of heat exchange coefficient under conditions of natural convection in a confined space (horizontal slit). Calculations have shown that the heat exchange coefficient of the heating device in a confined space (horizontal slit) is significantly less than the heat exchange coefficient on the free surface. However, during the deployment of the field hospital, any position of the heating device is possible, not only horizontal, since there are no locking devices. Accidental location of heating devices in the heated volume when the mobile hospital is put into operation is possible due to the lack of fixing devices. When calculating the heat exchange coefficient from an inclined surface, we can use a formula that is valid for 10 5 < Cr < 10 9 and 0 90 < ϕ <° [12] Ra cos ⋅ ϕ [14] is valid, we receive after transformations of the equation (7) the following formula considering different positions of the heating device:
The results of experimental data processing are presented in Fig. 3 . Since the arbitrary position of the heating device can be estimated using the probability theory, the formula (8), taking into account the different positions of the heating device, will take the final form
where ( ) Ф р ϕ -probability density. As noted earlier, to improve the thermal performance of the proposed heating device, it is advisable to create an artificial roughness on its surface. Experiments were carried out to determine the effect of roughness on the change in the value of the heat exchange coefficient on the outer surface. Using the results of the full-scale experiments and the data of [15] for the values of w f ~ (0.1-1.0) m/s; t f ~ (30-70) °C and Re f = (3000-37000), a graphical dependence of C K = f (Re) is constructed (Fig. 3) .
Taking into account the coefficient C K , the previously obtained equation (9) for the soft surface of the heating device made of polyvinyl chloride could be written in the final form:
where C K -share increase of heat exchange. The resulting final criterion equation (10) allows to make the necessary calculations to assess the heat transfer from the surface of the heating device of the heat supply system, taking into account the peculiarities of the position of this device in space. In addition, this equation takes into account the presence of measures to intensify heat transfer in the system "heating deviceenvironment".
The formation of artificial roughness on the surface of the heating device in order to intensify heat transfer increased heat exchange coefficient by 28 %. The heat output of the heater increased to 125.7 W. Calculations have shown that 8 heating devices are enough to heat the module with a volume of 84 m 3 at an indoor temperature of 18 o C and an outdoor temperature equal to (-24) o C.
CONCLUSION
Criterion dependences allowing calculating the heat exchange coefficient from the surface of the heater made of PVC at any of its spatial position are proposed. In order to intensify the heat exchange process, it is proposed to create an artificial roughness on the surface, which allowed increasing the heat
